Minkowski functionals have recently been introduced into cosmology as novel tools for studying the large-scale distribution of matter in the Universe. We present a brief overview of the method, including its mathematical foundations as well as some completed and upcoming applications.
Mathematical background
Useful insights into the large-scale structure of the Universe are possible by investigating the morphological properties of density fields and point sets. Integral geometry 1,2 provides the mathematical framework for such considerations. Hadwiger's Theorem 3 states that in order to measure the morphology of a d-dimensional pattern, the d + 1 Minkowski functionals are sufficient. Significant fluctuations on large scales are found in an analysis of the IRAS 1.2Jy galaxy catalogue 6 . Since the results shown in Figure 2 for samples of 100h −1 Mpc depth remain robust on even larger scales and under various tests, they are probably a feature of the large-scale matter distribution in the Universe, rather than an effect in the catalogue. An explanation, for example in terms of cosmic variance, is still lacking, and a topic of ongoing study. 
Outlook on further applications
One of the Minkowski functionals is the Euler characteristic or genus, which has long been used in cosmology 7 . As an extension, all Minkowski functionals of a smoothed random field may be considered 8 . Furthermore, applications to cosmic microwave background anisotropy maps 9 are possible.
